Infants born with a giant sacrococcygeal teratoma (GSCT; >10 cm) have high mortality. Risk factors for mortality include increased tumor vascularity, high cardiac output, rapid growth, diagnosis before 20-week gestation, delivery before 30-week gestation, hydrops, low birth weight, Apgar less than 7 at 5 min and polyhydramnios. We present the case of a 28-week infant born with a GSCT (15 × 12 × 16 cm) and all of these risk factors.
INTRODUCTION
Giant sacroccocygeal teratomas (GSCTs) are rare tumors derived from the ectoderm, mesoderm and endoderm, and are associated with high infant mortality [1] . Infants may be diagnosed and/or treated antenatally or postnatally. GSCT infants with high-output cardiac failure and hydrops may be managed antenatally [2] . Antenatal interventions include fetoscopic laser ablation, radiofrequency ablation and interstitial laser ablation of blood flow to the tumor. The use of these interventions is associated with infant survival rates of 30-50%. Similar survival rates are noted in GSCT infants with high-output cardiac failure, rapidly growing tumors, and solid and highly vascularized teratomas, managed with traditional intervention methods [2] . We cared for an infant diagnosed antenatally with a GSCT. Antenatal treatment included packed red cell transfusions and aminoreductions. Postnatal treatment included resuscitation, correction of coagulopathy and timely resection of the lesion. We report our management approach of this high-risk infant.
CASE REPORT
A 28-year-old, G3P2 mother delivered a 28-week gestation, 2.7 kg (including the weight of the tumor) male infant via emergency cesarean section due to fetal distress and a rapidly increasing GSCT (an increase of 3 cm from 27 to 28th week gestation). At 26-week and 4-day gestation, removal of 3700 ml of amniotic fluid was conducted and 90 ml of packed red blood cells (PRBCs) transfused to treat fetal anemia and congestive heart failure, respectively. At delivery, the GSCT measured 15 × 12 × 16 cm ( Fig. 1A and B). The arterial blood pH, base deficit and alpha-fetoprotein (AFP) were 7.15, 9.9 mmol/l, and 864 998 ng/ml, respectively. He was intubated and transferred to Driscoll Children's Hospital (DCH). On evaluation, he had pulmonary hypertension, hydrops, thrombocytopenia, hypoglycemia, respiratory failure, ascites and metabolic acidosis. He was placed on high frequency oscillatory ventilation, and fentanyl, vecuronium and dopamine (5 μg/ kg/min) infusions. From day of life (DOL)2-7, he received multiple PRBC, fresh frozen plasma (FFP) and platelet transfusions. His neutropenia was treated with intravenous immunoglobulin and Neupogen. Nitric oxide (1-20 ppm) was used to treat his pulmonary hypertension. By DOL5, nitric oxide was weaned off and he was transitioned to conventional ventilation. His coagulopathy stabilized, and the pulmonary pressures decreased to 75% of systemic. He was deemed optimized for tumor resection by neonatology, cardiology, anesthesiology and surgery.
At operation, a transverse infra-umbilical incision was made and the aorta was dissected and looped for vascular control. He was then turned prone and the tumor resected via a chevron incision (Fig. 1C) . The procedure was stopped multiple times to volume resuscitate the child. Post resection, the retrorectal space was packed with thrombin and gelfoam, the skin flaps trimmed and the wound closed. Estimated blood loss was 400 ml and he received 360 ml of PRBCs, 60 ml of platelets, 120 ml of FFP and 500 ml of lactated ringers solution. Postoperative laboratory values showed pH 7.15, pCO 2 71, pO 2 285, base deficit 6.6 and a lactate of 10 mM. Fibrinogen was 93 mg/dl, prothrombin time 19.4, international normalized ratio 1.8, hematocrit 38.1 and platelets 34 000. The infant returned to the operating room on postoperative Day 5 for wound debridement. Pre-and postoperative head ultrasounds were normal. The patient was discharged 3.5 months later (42 weeks post conception).
Pathology confirmed a GSCT with high endodermal sinus component and potential malignant foci. At 2.5, 5 and 8 months, the AFP dropped from 1444 to 67.2 and 8 ng/ml, respectively. Oncology recommended follow-up every 3-6 months. At 18 months of age, the patient is at the 10th percentile for weight and length (Fig. 1D) . He has chronic lung disease and systemic hypertension, which is managed with enalapril. He continues having physical therapy to improve the strength of his lower extremities.
DISCUSSION
SCT occurs in 1 out of every 40 000 live births with a female preponderance [1] . SCTs are classified into three prognostic groups: (A) tumor diameter <10 cm, absent or mild vascularity, and slow growth; (B) diameter >10 cm with pronounced vascularity, highoutput cardiac failure and rapid growth; (C) diameter of 10 cm or greater, predominantly cystic with absent or mild vascularity and slow growth [2] . Our patient was in Group B. Group B infants have an overall mortality of 50%, but if hydrops is present, mortality approaches 100%. Additional poor prognostic risk factors are diagnosis before 20-week gestation, delivery before 30-week gestation, development of hydrops, low birth weight, Apgar less than seven at 5 min and presence of polyhydramnios. Our patient was diagnosed at <20 weeks gestation and delivered at 27 weeks. In the absence of fulminant hydrops, pre-emptive early delivery in high-risk SCT at 27-32 weeks gestation is associated with good outcomes [2] .
We optimized our patient prior to tumor resection. Tumor rupture, tumor lysis with hyperkalemia and hemorrhage may force emergent resection with variable outcomes [3] . Our infant had pulmonary hypertension that failed conventional treatment methods, requiring nitric oxide.
Blood loss is a primary cause of mortality in GSCT infants. Techniques to decrease blood loss include laparoscopic ligation or angiographic embolization of feeding vessels and utilization of extracorporeal membranous oxygenation (ECMO) [3 -5] . In our case, no large feeding vessels were identified and our infant was preterm, precluding the use of ECMO and angiographic embolization. We used a technique described previously [5] . Our 700 g infant (weight with tumor was 2.7 kg) lost 400 ml of blood (3 blood volumes). We administered 360 ml of AS-3 PRBC and a transfusion ratio of 6 : 2 : 1 with no transfusion-associated complications.
Neonatal massive transfusion protocols (nMTPs) have not yet been established. The Children's National Medical Center is currently evaluating FFP, platelets and PRBCs at a 1 : 4 : 1 unit ratio [6] . In pediatric liver transplants, transfusion of >10 U of FFP has been associated with multiorgan failure [7] . While the safety of AS-3 PRBCs in massive transfusions for sick premature neonates has not been established, small volume transfusions have been demonstrated to be safe [8] . Autologous cord blood was successfully used in a single-term infant with GSCT in Japan [9] .
Pathology confirmed a GSCT. As 10-20% of these recur in the first 3 years of life and 40% become malignant, our patient is being closely monitored [10] .
Overall, our report shows that premature infants with GSCT with heart failure and hydrops can be managed successfully. This requires interdisciplinary prenatal, postnatal and perioperative management.
